Clipsin, a chymotrypsin-like protease in rat brain which is irreversibly inhibited by alpha-1-antichymotrypsin.
The protease inhibitor alpha-1-antichymotrypsin, which binds to chymotrypsin-like enzymes in a sodium dodecyl sulfate-resistant manner, has been shown recently to be both a normal constituent of brain and an integral component of the neuritic plaques that form in Down's syndrome and Alzheimer's disease. We have now identified in rat brain a Mr 25,000 alpha-1-antichymotrypsin-binding protein classified as a chymotrypsin-like protease by its inhibitor profile and substrate specificity. Release of 125I-labeled breakdown products from bands containing the protease in substrate-linked polyacrylamide gels was examined in parallel with hydrolysis of tetrapeptide chromogenic substrates in vitro to establish conditions under which the Mr 25,000 protease was the only activity being measured in vitro. The protease was completely membrane associated but was extractable using 1 M MgCl2; prior extraction of detergent- and low ionic strength-soluble proteins from membranes was used to increase its specific activity. The formation of sodium dodecyl sulfate-resistant bonds between human alpha-1-antichymotrypsin and the protease (kassoc = 2.9 X 10(6) M-1 s-1) was used to titrate the concentration of free protease solubilized from membranes. The protease cleaved both succinyl-Ala-Ala-Pro-Phe-p-nitroanilide, and methoxy-succinyl-Ala-Ala-Pro-Met-p-nitroanilide, the latter being of interest because cleavage after a methionine residue is predicted to generate the amino terminus of the neuritic plaque component beta-amyloid from its precursor protein. In fact, the solubilized protease degraded 90% of membrane-associated beta-amyloid precursor protein detected by Western blot analysis. The protease was kinetically distinct from both chymotrypsin and cathepsin G in direct comparisons and did not match kinetic values published for the rat mast cell proteases against comparable substrates; we therefore refer to the protease with the descriptive acronym clipsin (for chymotrypsin-like protease). Proteases similar to and potentially identical to clipsin were detected by enzymography in other organs from rat (most notably spleen and adult lung). The enzyme in brain was distinguished by a narrow window of elevated activity surrounding postnatal day 5, which was 12-14-fold higher than levels in day 1 or adult brain. Because independent lines of evidence suggest that a brain chymotrypsin-like protease may be involved in the etiology of Down's syndrome and Alzheimer's disease, clipsin is discussed as a candidate for such a role.